
Temporq- Extracorporeal Circulation in the Surgical 
Treatment of Cardiac and Aortic Disease 

Report of 98 Cases O 

THE SEED for an efficient and safe method 
of extracorporeal circulation in surgical 
treatment of intracardiac lesions has long 
been recognized, but not until 1939 when 
Gibbon reported his pioneering espcri- 
mental efforts with total body perfusion 
during cardiopulmonary b>iiass did the 
procedure appear to be witldn reach for 
clinical application. Since tliat time esten- 
sive eqminiental investigations concerned 
mostly with development of an idea1 punip 
oxTgenator and control OC certain coni- 
plicating factors inlierent in artificial per- 
fusion of blood have been undertaken in 
many instances with discouraging results. 
Indeed, until very recently it appeiired that 
widespread clinical use of estracorporeill 
circulation would not be possible for some 
years. Thus, the recent denionstration of 
the efficacy of artificial extracorporeal cir- 
culation has finally broken a major barrier 
in the further advancement of cardiovascu- 
Iar surgery and stands as a brilliant ac1iiet.e- 
ment in surgical progress. The fact that 
Gibbon,"' in 1933, accomplished the first 
successful cIinical application of this method 
in repairing an atrial septal defect in a11 IS- 
year-old girl was indeed an appropriate 

O Presented before the Southern S u r g i d  -4s- 
sociation, Boca Raton, Florida, Ileceniber 4-6, 
1956. 

O 0  From the Cora and \\'ebb Mading Depart- 
ment of Surgew, Baylor University College of 
lfedicine, Houston, Tesas, and the Surgical Serv- 
ices of the Teias Children's, hlethodist, JeEerson 
Davis, and Veterans Administration Hospitals, 
Houston, Te1;~s. 

.aided by :I grant from the Houston Heart 
Association. 

~ _ _ _  

event a i d  proikles tribute to his 
thoughtful investigations and devoted ef- 
forts in this fieId of endeavor. 
-\ highly significant contribution in this 

field \vas ninde by LiIIehei and his asso. 
ciates 1* who in 195.4 employed controlled 
cross circ~ilation between a living liuinan 
donor and patient to perfonn open cardiot- 
omy. Using this method 32 patients \vert 
operated upon for congenital cardiac le- 
sions including ventricular septal defects 
and tetralo3 of FalIot \rjth impressive re- 
sults, thus providing a poiverful stimulus in 
this field. In general the reduced BOK- prin- 
ciple based upon the so-called "azygos- 
factor" ;IS first described by rindreason and 
\Vatson A was ixsed by Lillehei with a ffon 
rate through the donor circuit of 25-35 
cubic ccntimcters per kiIograxn body \\.eight 
of the patient, \vIiicli is much less than nor- 
mal calciilated basal cardiac output of IO@ 
160 cubic centimeters per minute. Pirun 
and his associates 1'*13 mean\vliile con- 
structed a Gibbon-type vertical screen OS? 

genator and pump system and subsequentl! 
demonstrated in a series of 40 operations 
that open cardiotomy could be accom- 
plished in Inan using a compIctely meclian- 
icd extracorporeal circuit. Noreover, b! 
this metliod, flow rates approximating nor- 
mal resting cardiac output could be innin- 
tdned eliminating the need for a donor to 
provide oxygenated blood and thus niain- 
taining the patient in a norma1 physiologic 
state for prolonged periods. AIthoug11 it 
inay appear that use of a pump oxygenator 
which pro\ides largc flow rate is preferable 
to a IOW flow system, from :I practical s t . d -  
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point it has been establislied by clinical es- 
pcyiencc that lower rates of flow can be 
ln,iintilined more simply and with less com- 
p1ic;itecl and cumbersome equipment and 
sv i t l~  approsimntel~ equal safety for the 
patient. Moreover, lower rates of flow have 
the advantage of minimizing the risk of air 
enibolisni and hemolysis and of perniitting 
h v  systemic pressures during cardiotomy 
thus reducing blood loss from the cardiot- 
omy ntid the need for blood replacement. 

I n  1935, De\\:aII and LilIehei ’ developed 
a sinipie espendal~le artifichl osygenator 
for cardiopulmonary bypass based upon the 
bubble diffusion principle for m a s h u m  
mixing of oxygen with blood. \\’hen this 
oxygenator \vas incorporated in the circuit, 
originally employcd by Lilleliei for cardiac 
bypass, the biologic donor oxygenator \ c w  
no Ionger needed nnd thc major objections 
to their original inctliod of controlled cross 
circuhtion was eliminated. Using this rela- 
tively simple osygcnator with low flow rates 
hehveen % and 50 cubic centimeters per 
kilogain body weiglit per minute, open 
cardiac surge? at last became clinically 
practical. 

This report is concenied nith our o\vn 
experience with use of temporary estra- 
corporeal circulation in 9s cases of cardio- 
vascular diseasc during the past 11 months. 
Temporaq- controlled estracorporenl cir- 
culation of hvo types lias been used, one 
being total cardiopulmonary b!pass and 
the other simple unilateral b!pss shunt- 
ing blood from venous to venous or arterial 
to arterial regions. The choice of method 
enlployed in the individual case depended 
tipon the location and nature of the lesian. 

CARDIOPUL~IOSARY nYP.ass 

.Vc~tkod. Cardiopuhnoiiary bypass pro- 
vided the means of operating upon the 
hc;trt or upon the great cardiac vessels di- 
verting the blood stream tlvougli the pump 
os!.senator system to maintain ;I constant 
perfusion of the body and at the same time 
pmnit operation inside of the heart in a 

FIG. 1. Diagram showing method of total car- 
diopulmonary bypass. Venous blood \\*as withdrawn 
through cannulas in the superior and inferior venae 
cavae. piisscd tiirougli the pump oxygenator, and 
the osygtmrted blood was returned to the nbdom- 
inal aorta tlirough a femoral arterial catheter. 

relatively bloodless operative field (Fig. 1). 
In all cases vascular cannulatiom in tlie pa- 
tient were done using plastic catheters or 
tubing. Irenous outflow from the superior 
and inferior venae cavae was obtained by 
cannulation witli plastic tubing of appro- 
priate size through the tip of the right 
aurictilar appendage. Tapes were passed 
;ibout the cavae to be tightened around the 
cannulae for complete inflow occlusion. In 
our carlier cases the left and occasionally 
thc right subclavian artery was cannulated 
for return of osygenated blood to the arte- 
rial system, but at present in all cases in- 
cluding infants tlie conmon femoral artery 
is used for arterial inflon-, tlueading a plas- 
tic catheter into the common iliac artery or 
abdominal aorta from a femoral arteriot- 
omy. \\;hen perfusion was completed, the 
femoral arteriotomy was repaired with arte- 
rial sutures, and no complications occurred 
in the extremity. 
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FIG. 2. I’hotopaph of stainless steel o\ygen dif- 
fuscr used in osygenating blood colunm showing 
multiple perforations (0.021 inch diameter) in the 
diffusion plate. Venous blood entered tluough tlie 
plastic catlieter -4 nnd ohTgen entcred base of 
diffuser through steel tubing B. 

The pump osygen:rtor system used \vas a 
modification of the De\Vall-Lillehei sys- 
tem.$ Oxygen \\-as diffused through a spe- 
cial stainIess steel plug with a dihsion 
plate perforated with multiple openings 
0.021 inch in diameter (Fig. 2). The dif- 
fuser \vas inserted into tlie lower end of a 
plastic polyvinyl tube 90 centimeters ( 3  
feet) long which senved as the oxygenator 
or dif€usion column (Fig. 33). For flo\v 
rates Iess than 1,500 centimeters per min- 
ute tubing with 1 inch intern31 diameter 
WIS used for the diffusion column, but for 
larger flow tubing with a 1% inch internal 
diameter with a correspondingly larger 

. plate was used. Oxygen flow through the 
diffusion plate \\-as at a rate of approsi- 
mately 10 times the flow rate of blood; eg., 
5 liters of oxygen per minute for 500 cubic 
centimeters per minute blood ffon.. Blood 
at the apes of the column n.hich was in a 
foamed state was directed into a disposable 
polyediylene plastic half-gallon bottle for 
elimination of oxygen bubbles (Fig. 3b). 
-4 stainless steel sponge coated with “Daw- 
Corning Antifoam A” was placed in the 
bottle, and upon contact of the blood \\-it11 
the steel mesh the bubbles burst due to re- 
duction in surface tension, and the bIood 

\vas converted to a liquid state. The blood 
then flowed by gravih into a coiled polyviily] 
tube 270 centimeters (9  feet) long which 
assisted further in eliminating oxygen bib- 
bles and served ;is nn arterial blood rescr- 
voir (Fig. 3c) .  The coiled tube (“Heliy”) 
\cis immersed in :I tank of \\piiter main- 
tained at  106” Fnhrcnheit to prevent exces- 
sive heat loss in an effort to maintain the 
nard bod\. teriipcrlihire of the piitient. 
The oxygenated blood was pumped from 
the resen-oir directly to the patient. So 
blood filters \\.ere employed in the circuit 
thus eIiniiiiatin~ another source of possible 
obstruction and trauma to the Mood in the 
cstrx-orporeal system. To dnte no compli- 
c;itions due to thrombi or particulate m;it- 
ter in  the blood stream have occurred. 

=\ double Siginnriiotor pump \viis used 
and proved to be y e n  satisfactory (Fig. 3).  
Rate of flow \\-as based upon body weight 
of the patient so that for patients less tIian 
two yexs of iiSe 50 cubic centimeters per 
kilograni body weight was circulated 
through tlie pump oxygenator and in pa- 
tients more than hvo years old 35 cubic 
centimeters per kilogram was used. The 
smallest flow used was 173 cubic centi- 
meters per minute in a 13-week-old infant 
weighing 3.5 kilograms and the maximum 
rite of flow was 2,800 cubic centimeters per 
minute in an SO kilogram adult. Two pump 
heads were used, one to remove blood from 
tlie senne cavae and pump it through the 
oxygenator and the other to remove blood 
from the osygenated reservoir and pump it 
into the femoral cannuIa (Fig. 3). \Vi& 
each case the pump heads were calibrated 
to the desired rate of flow using sterile nor- 
mal saline solution and then equilibrated 
against each other so that blood volume in 
the patient remained essentially constant. 

Blood for use in the pump os-ygenntor 
was drawn from donors on the morning of 
operation into 500 cubic centimeter con- 
tainers, either siliconized glass bottles or 
plastic bags containing 1.5 milligrams hep- 
arin and 30 cubic centimeters of 5 per cent 
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FIG. 3. Photograph of pump osygenator system used in SS cases of cardiopulmonary bypass. 
l-enous blood pumped into the system \vas oxygenated in the bubble type oxygenator and 
diffision column A. Defoaming of the blood was accomplished in polyethylene bottle B which 
contained “Dow-Cornin Antifoam A” applied to ;I stainless steel sponge. Osygenated blood 
\vas collected in the coifed helix which was immersed in a warm water bath at 106 degrees 
F.1lirenhrit (C) .  The double Sigmaniotor pump and oxygen source completed the system. 

glucose in normal saline. The blood 
inaintained at body temperahire in a ther- 
mostatically controlled water bath until 
r e d !  for use. The pump oxygenator was 
filled or “primed with about 1,000 cubic 
centimeters of bIood eliminating a11 bub- 
bles from the tubes containing the oxygen- 
ated blood to prevent air embolism. Before 
the cannulations were performed, heparin 
1.0 to 1.5 milligrams per kilogram was ad- 
mini!&rcd intravenously, and at  the com- 
plction of the perfusion the heparin effect 
u-as counteracted by a similar quantity of 
protainine sulfate diluted in about 50 cubic 
celltimeters of 5 per cent glucose. Also, im- 
niediately d t e r  perfusion, a transfusion of 
frcslily drawn citrnted blood was started to 
rcjtore essential clotting filctors. 

Surgical exposure for cardiopulmonary 

b>-pass \\?as obtained by transverse bilateral 
thoracotomy usualIy entering the fourth in- 
tercostal space anteriorly. The sternum wyas 
trnnsected and the internal mammary ves- 
sels were ligated. The pericardium x t s  in- 
cised transversely to expose the base of the 
heart and venae cavae. The superior medias- 
tinum was carefully examined for the pres- 
ence of a persistent left superior vena cava 
or a patent ductus arteriosus since either of 
these structures interfere grei~tly \\.it11 the 
perfusion. At the completion of operation 
the pericardiiim \\‘as closed loosely and the 
thoracotomy \vas repaired instituting bi- 
lateral intrapIeura1 underwater drainage 
with gentle suction. . 

Potassiir i i i  Inrtrrced Cardiac rirrcst. As an 
adjunct to estrxorporeal circulation in- 
duced cardiac arrest \vas used to produce a 



902 

FIG. 4. Diagnm showing method of inducing 
ciudiac arrest during crirdiopulmoncary bypass using 
dilute potassium citrate solution. With cardiac in- 
flow occluded, the vcending aorta was occluded 
and potassium citrate was injected slouly until 
asystole occurred. 

completely quiet and bloodless field. Exha- 
corporeal circulation was started with in- 
flow occlusion for a period of about one 
minute to permit empbing of the heart fol- 
loning which the ascending aorta \vas oc- 
cluded and an injection of dilute 2 to 5 per 
cent solution of potqssium citrate \vas made 
into the proximal aortic segment (Fig. 4). 
The solution consisted of 2.0-5.0 cubic cen- 
timeters of freshly prepared 20 per cent 
potassium citrate solution diluted wit11 1s 
or 15 cubic centimeters of osygenated hep- 
arinized blood to give the desired strength. 
Cardiac arrest was produced gradually un- 
der electrocardiogrr~phic control by slow 
injection until visible myocardial contrac- 
tions and electrical activity of the heart 
were eliminated. Aortic occlusion and cor- 
onary stasis was maintained until the repair 
of the cardiotomy was started. Shortly after 
the occluding clamp on the ascending aorta 
was released and coronary perfusion was 
restored, cardiac activity resumed. In most 

cases stiniulating drugs were unnecessq, 
but occasionally a dilute 2.3 per cent so- 
lution of calcium chloride was injected 
slowly into the femoral arteria1 cantid3 
to strengthen the myocardial contraction. 
However, this was done cautiously under 
constant eIectrocardiographic control since 
escessii-e calcium ion may produce yen- 
tr icu~i~r fibrillation under these circum- 
stances. In only oiie instance was cardiac 
mnssage used to assist cardiac empt\.ing 
after potassium induced cardiac arrest. The 
longest period of induced cardiac arrest by 
this method ivrzs 42 niiriutes with complete 
recover?.. -4ir embolism may be a significant 
danger where potassium arrest is used since 
trapping of air within the flaccid heart oc- 
curs readily. This complicating feature WLS 

relatively easy to control by n*ashing out 
the air with \van11 saline solution or by 
opening the venae cavae to fill the 1Icart 
.\\it11 blood before the cardiotomy was 
closed. From a procticnl standpoint smdl 
amounts of tripped intracardiac air cause 
no appreciable disturbance where coronq 
perfusion can be maintained with extra- 
corporeal circulation since the air may be 
forced through the coronary circulation 
without significant effect. 

Once the feasibiIity of cardiopulmonaq 
blpass was demonstrated, the importance 
of certain technical problenis concerned 
with rapid recognition and espeditioiis re- 
pair of intracardiac lesions \\-as apparent. 
Tius was particularly true of ventricular 
septal defects which vary widely in loca- 
tion, number, and size. The technical dif- 
ficulties encountered were largely o\-ercome 
when potassium arrest was employed, 3nd 
this has become routine in the more recent 
patients. Preliminary intracardiac palpation 
through the right auricular appendage was 
done in all patients where the appendage 
was large enough to admit die exploring 
finger. Final localization of the defect was 
thus permitted and the technic of repair 
was planned. Exposure of ventricular de- 
fects was obtained through a ventriculot- 



oltl!- incision inade in tile direction of the 
o[Itflo\v tract of the riglit ventricle (Fig. 5). 
Frcqtlently sizable preventricular branches 
of die right and left coronary arteries were 
s~~~re - l iga ted  and di\.ided where this was 
necessary to obtain adequate esposure. For 
1;irSe defects polyvinyl sponge ( Ivalon ) 
p t c l m  were used to tamponade the clos- 
U1.c using 2-0 and 3-0 black silk sutures to 
hold the sponge in place (Fig. 5a). Smail 
vcntriculur septal defects were closed with 
multiple interrupted silk sutures using one 
rmc of mattress sutures and a second row 
of siiiiple interrupted sutures (Fig. 5b). 
From the time potassium arrest was adopted 
for routine use, almost all defects were re- 
pired \vithout poI>-\-inyl sponge because 
co~iipletc rela~ntion of the myocardium 
facilitated :ipprosirnation of the edges of 
thc rlcfcct and prcventcd tlie sutures from 
tc;iring out. Suturc's were insertcd citrefully 
i n  defccts of the Iiienibraiioiis septum be- 
c;iusc of tlie proximity of the A-1' conduc- 
tion bundle to the posterior border of the 
defect. Complete :I-V dissociation occurred 
in die only one patient where a deep suture 
was used in  this critical area of the defect 
and this wpe of repair was not used again 
(Fig. .5c). Location of the ventricular septal 
defwts varied greatly and were classified 
;wortling to anatomic position (Fig. 6). 
.~mong 4.5 ;-entricular septal defects 34 
wv1-e in the mcmbranous septum (Type 11 ) 
u r d  frequently satisfactory esposrire and 
r c p d r  required division of the septal inser- 
tion of the tricuspid papillary n~rscle of the 
septal leaflet. .After repair of the defect the 
p p i l h n  muscle was reattached to the sep- 
tu111 \\.it11 multiple sutures. Defects in four 
lxtticnts were located in the posterior supe- 
rior position of the muscular ventricular 
svptum (Type 111) and \\-ere exposed by 
dividing ppiIIary niuscles to the posterior 
tricuspid leaflet. Defects in the outflou. 
h c t  of thc riglit ventricle were demon- 
SkiltcJ lo\v in the muscular septum in four 
i)acticnts (Type 11') and in three patients 
t l ic  defect \vas above the crista supraven- 

FIG. 5. Dr.nving shosving usual nicthod of re- 
pair for ventricular septal dcfccts sho\ving exposuro 
of defect in iiieii1branoiis septum and position of 
sept:d lenffct of trrscuspid valve. Closure of ven- 
tricrilar defects wx done with olliinyl sponge 
( a )  or b!+ direct sutures (21 and c?. Repair of pos- 
terior an& (intlic,ited by n r r o ~ )  mciy injure -4-1' 
conduction buntlle and -%-\r dissociation follo\vcd 
in one p:lticlit after repair by method c. 

Artery 

Crista 

Poster 
cusp 

Supraventricularis 

Septal 
cusp 

Fic. 6. Dra\ving showing anatomic position of 
ventricular septal defects in 43 paticnts. Defects 
in membranous septum (Type 11) were most com- 
inon (3.1 cases). Type I, 111 and I\; defects oc- 
currcd in three, four and four cases, respcctiveIy. 
and in five patients defccts were multiple. 

triculnris ( T ~ p e  I ) .  Search was inatle in 
each case for additional defects and more 
than one ventricular defect was discovered 
and repaired in fi1.e patients. In  three pa-' 
tients the left to right intracardiac vascular 
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FIG. 7. Drawin demonstrating transatrid ap- 
proach to repair o f  ventricular defects located in 
membranous septum. Exposure of the defect \vi6 
obtained by atriotomy incision parallel to A-V 
sidc~.~ and by division of the tricuspid ledet .  After 
repair of the defect was completed, the tricus id 
valve and atriotomy were repnired ( Inset a and E). 

FIG. S. Drawing showing method of repair of 
atrial septal defects. The upper margin of the 
defect was grasped with a hemostat (Inset (I) and 
closure was done with n double row of continuous 
black silk (Inset 15). 

. shunt occurred behveen the left ventricle 
and right atrium, and in alI these there \viis 
a deformity, usually a cleft, in the septal 
leaflet of the tricuspid valve. Repair of the 
defect and of the cleft tricuspid valve was 
easily performed though an atriotomy inci- 
sion directed parallel to the atrioventricular 
sulcus. Recently this same transatrial ap- 
proach was used in four patients in repair 
of typical interventricular defects of the 
membranous type (Fig. i ) .  A small incision 

in the septiil leiiflet of tlie tricuspid valve 
gave excellent exposure of the defect for re- 
pair, and the valve was subsequently reap- 
prosimated with a continuous suture (Fig. 
ia ). Patients appeared to tolerate the atriot- 
om!. better than the ventriculotomy ap- 
proach and this method is preferred wlien- 
ever the defect may be readily palpated 
tlirough the right auricular appendage. 

Repair of :ltTial septal defects was per- 
foniied using a sirdisr but considerdiJy 
snialler thoracotomy incision than used for 
ventriculiu septal defects. Preliminary pal- 
pation of the defect was done through the 
right auricular appendage to localize the 
defect and detect other anomalies such as 
anonialous location of pulmonaq venous 
drainage and defects of the tricuspid or 
mih-al \-al\.es. Inflow occlusion was estub- 
lislied, an atriotomy incision \vas made, and 
:ifter blood was aspirated from the right 
iitriurn the upper ungle of the defect was 
grasped with a liemostat (Fig. S). Repair 
of the defect \vas accompIished with a run- 
ning suture of 3-0 black silk which was 
continued up and down the defect to give 
a double row of sutures (Fig. Sa and b). 
Polyvinyl sponge was not used in repair of 
simple atrial defects. In one case of atrio- 
ventricularis communis after the mitral and 
tricuspid d d a r  anomalies mere repaired, 
the residual atrial defect was patched with 
n wafer of poljvinyl sponge, and in another 
both ventriculotomy and atriotomy inci- 
sions were used in repair of the compli- 
cated defect which consisted of both inter- 
ventricular and interatrial defects with 
anomalous A-IT valves. 

Repair of the ventricular septal defect in 
patients with tetralogy of Fallot \vas sim- 
ilar to the method just described for iso- 
lated ventricular defects, but in these cases 
care was esercised to avoid including 3. 
leaflet of the aortic valve in the sutures be- 
cause of the destraposed aorta over-riding 
the ventricular septum. In most instances 
the obstruction to the outflow tract of the 
right ventricle was produced by a corn- 
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biricd infundibular and valvulnr pulmonic 
stenosis. In some instances the ventricdot- 
omy incision was estended upward through 
the annulus of the pulmonary valve into the 
p1ihnonary arten. After the infundibuIec- 
tom? was completed, plastic repair of the 
pdmonary valvuIar annulus \\’ils done in- 
crcwing the diameter of the annulus by 
suturing the incision transversely in the 
plhonary :irtery and adjacent ventricle 
; i d  the remainder of the ventriculotomy 
was repaired longihidinally producing a “T” 
sliaped closure of the incision. 

Technics of repair \\hich \yere used for 
lrss conimon defects Iiave already been or 
will soon I J ~  described else\vhcrc.’-: 

USILr\TEKr\L BYPASS 

-4 method for bypassing only a portion of 
thc cardiovascular system \vas used without 
:in oxygenator when only veno-venous or 
arterio-nrterial shunting was necessaq.. 
For usample, in one patient, a 14-year-old 
hoy \vith combined infundibulnr and 17d- 
vi1 tar pulmonic stenosis with intact ventric- 
d;ir septum and roentgenographic evidence 
of right ventricular li!.pertrophy (Fig. sa), 
cardiac inflow occlusion was produced and 
caval I J ~ O O ~  \vas pumped into the pulmo- 
nan artery at a rate of 1,500 cubic centi- 
meters per minute (Fig. 9b). Right ventric- 
ulotomy n.as used for complete infundibular 
resection and pulmonary valvulotomy un- 
der direct \ision. The method \vas siiccess- 
ful in this patient but appeared to produce 
cwssive blood loss and total cardiopulnio- 
nary b!ptlss is probably more satisfactory 
for this purpose, 

CniIateral bypass was used in by-passing 
thi. descending thoracic aorta in order to 
I i r e \mt  spinal cord iscliernia distal to the 
accltiding clamps resulting in paraplegia 
during resection and grafting of the aorta 
for fusiform aneurysm.12 Thus, for aneu- 
n W ~ S  of the descending thoracic aorta and 
thaco-abdomin:il aorta oxygenated blood 

removed through a plastic cannula 
d,!ccd in the left auricular appendage and 

FIG. 9.A. 

FIG. 9. Roentgenogarn of chest in 14-ye;tr-olcl 
patient with combined infiindibulnr and valvular 
pulmonary stenosis showing right ventricular hy- 
pertrophy and absence of n dilated pulrnonny 
; i r t e ~  ( a ) .  .\Iethod of blpnssing riglit ventrick* 
;in2 pulmonary vnIve is demonstmtecl in ( L). 

FIC. 9B. 
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FIG. 1O.A. 

FIG. 1ou. 

puiiqicd into the abtloniinul aorta through 
;I catheter threaded up ;I fcmoral artcry 
(F ig  1Oii and b). In gem-ral ;I Aoiv rnte of 
;ipprosiznutcly 300 to 750 ciiliic centiinetc.rs 
per minu tcb wm used to produce the clc$rcbd 
protective c.ffcct upon tlic spinal cord. Upon 
completion of the prafting procedure u4iich 
~rsunlly required 35 to 60 minutes, the cm- 
nulne wcrc’ rcmovrtl ant1 the ;rppentliiye 
;ind femoral iirtcv ivcrc repaired. In  c;jses 
of unilateral bypass 1icp;irin \vas acIminis- 
tercd in dosiigc 1.0 ndligrams per kilogram 
body \vc+glit :ind, if perfusion esceedctl 30 
minutes, ntlditionnl small doses of lieparin 
were adniinistt~rcd. 

IKSSULTS 

Sincc J;uiuar\. 19.56 temporary extracor- 
poreal circulation \vas i i s d  in 9S operations 
for cnrdiov;isculur rliscasc (Table I ). In SS 
instances total cardiopulmonary bJ-pass was 
cniplo!-etl and 10 operations were per- 
fornietl with unilateral bypass alone. 
Among the patients witli cardiopuhonaq 
Iqpass there \\.ere 23 early deatlls occiirrin: 
witliin the first S weeks after operatioil usu- 
; d y  in  the first ?-I hours and 3 late deaths 
occiirring a s  mucb :IS hvo months after op- 
eration gi\l’ng a total mortalih in this Sroup 
of 29.3 per cent (Fig. 1.3). Three de;iths oc- 
curred in patients in \vliom rrnilatcral by- 
pius \viis cil>plo\.ed and all of these iwrc in 
patients \vitIi massive nortic aneurysms and 
;idt.:iitcctI arteriosclerosis associated with 
rerial insufficiency. I ntlcud the total 111ortid- 
it?. can only be e\.alu;rtcd properly after full 
consideration of the coinplicatiiig features 
of the discme ~vli ic l i  csistcd in most p a t i c ~ ~ t s .  
SImy of the patients, for esan~plc, were in 
;tdvnnced stages of chronic cardiac fililrrrc at 
the time of operation, and the surgicul at- 
tempt vas made ;is ii final resort. .\lorco\.er. 
in scveraI patients surgically incorrcwtible 
;inomdies such as endocardia1 fibro-ehstasis 
anrl extremely coinplicated septa1 defects of 
the atrio-\.entricularis communis t?pc \ ~ m  
encountered at t11or;icotorny. The fact that 
no patients were refused operation in d i o m  
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TABLE 1. Cardicasctilar h i o m  Operofed N ~ U I J  

L'sing Extracorporeal CircitIotiort 

s o .  
Lesion Caws 

Sumbcr 6 

the possibility secnied to exist t1i;it surgical 
correction of the lesion ivas possible un- 
questionably accounted to a major estent 
for tile apparent high operative risk. 

-\ meaningful impression of the rcsults of 
qy.ition with extracorporeal circulation 
111;ly he obtained by close scrutiny of the re- 
sults in the various categories. Cnrdiopul- 
rnoixiry b!pnss was used in 15 patients \\*it11 
v~wtriculiir septal defect, of n-hicli 3s sur- 
I i\ vd providing a mortality rate of 15.5 per 
cent. The \.oungest patient in this group 
WJS I1 weeks oId and the oldest was 40 
yeiirs old. Sixteen patients were Iess than 
two years of age, and in most instances 
these patients were serioas surgical risks at 
the time of operation as evidenced by the 
fact that 5 of the f deaths in this group 
occurred in patients Iess than two years old. 
.-\ssocintecl anomalies were present in more 
than half of die patients wi th  ventricular 
septal defect, in most instances increasing 
the ciirdiac disability and adding to the 
teclinical problem at operation. Five pa- 
tients had concomitant tricuspid insuffi- 
ciency of severe degee  requiring vaIvulo- 
pInsh, and in one n niptured papillar!. 
muscle IGIS repaired s~~cccssh~lly. Two pa- 
tients also had aortic regurgitation of severe 
degrcc. In one extremely ill three-!.ear-old 
patient a ventriculo-atrial shunt wit11 tri- 
crispid insufficiency was complicated by  
severe subaortic stenosis, !.et successful re- 
pair of all three defects \\-as iiccoI~~plislieC1 
nsinp :i right atriotom!. and ascending aor- 
totomy. In another patient a lurgc ventric- 
d n r  clcfect was corrected in tlie presence 
of a corrected transposition or malrotation 
of tlw hcart. Recurrence of the ventricular 
5eptdl defcct occurred in an ll-ycw-old girl 
U+O liad a large ckfect mensuring 3 centi- 
meters in diameter closed wit11 po!\*vinyl 
sponge nt the first operation. In  order to 
eip)w the defect it \viis neccssnry to ch ide  
the 1xipiIIm-y muscle of the medial leiiflet 
hut this \viis repaired after tlic dcfcct was 
cl+d. Pulmonary arterial pressure ~Ii icI i  
hac: heen equal to aortic pressure before 

.\. Cardio-pulmonary bl-pass 
Veritricular septal defect 4 3 
Atrial septal defect 11 
Tetralogy of FaUot 
:\trio-ventricularis communis .) 

AneuFsm ascending aorta 4 
Pulmonic stenosis 4 
Transposition great vessels - ? 

-lortico-pulrnonary septal defect - 7 

Ruptured ventricular septum (coronav) 1 
Ruptured tricuspid ralve (trauma) I 
Calcific aortic stenosis I 
Ruptured aneurysm sinus V'alsalva I 
Single ventricle 1 
Aortic regurgitation (congenita! I 
Endocardial fibroelastosis I 
.\orto-ventricular fistuln itmumatic) I 

- 
I 

Subtotal ss 
B. Unilateral b > p w  

:\neurysm descending aorta 0 
Infundibular puImonic stenosis 1 

Subtotal I O  

Total YS 
- 

closure of the defect showed a 50 per cent 
reduction. After an unevendul early post- 
operative course n.hile she \vas at home 
cliest pain suddenly occurred and conges- 
tive failure ensued. Six weeks later when 
the patient ivas in severe failure, cardiopul- 
monary bypass was used again. r\ recur- 
rence of the defect 1.5 centimeters in diam- 
eter was discovered at  the posterior angle, 
but die principle cause for the failure and 
extreme hepatomegaly \{'as tricuspid insuf- 
ficiency due to disruption of the papillary 
muscle. Under potassium induced cardiac 
arrest the septal defect and septal leaflet 
of the tricuspid valve were repaired, and 
the patient recovered. This case illustmted 
the importance of induced cardiac arrest 
in repair of ventricular defects since at the 
original operation done without induced 
arrest, sutures must have partially tom out 
due to the vigorous myocardial contrac- 
tions. \Vith the ventricle compktely relaxed 



-4. Cardiopulmonar~. hpass 
\‘entricuhr septal defect 
Atrial septal defect 
Tetmlos of Fallot 
Aneurysm wending aorta 
Pulmonic stenosis 
Atrio-ventricularis conimunis 
Mixelhncous 

Total 

B. Unilaterxl bypass 
..\ncurysm dwending aorta 
Infundibular pulmonic stenosis 

Total 

firm repair was greatIy facilitated a t  the 
second oper a ti on. 

Of particular importance in evaluation of 
results of operation for ventricular septal 
defect is a consideration of pulmonary arte- 
rial pressure since it is known that altera- 
tions in puImonar!- rascular resistance in 
this condition are of lit31 prognostic sig- 
nificance. Sixteen patienb in this series had 
moderate to severe pulmonary hypertension 
with pressures at cardiac catheterization in 
excess of 70 millimeters of mercury. In sev- 
eral patients the pulmonary arterial pres- 
sure was more than 90 per cent of systemic 
arterial pressure and in one patient the 

. pressures in pulmonary and systemic beds 
were roughly equal. Indeed mild arterial 
oxygen unsaturation was evident in some 
patients where the peripheral arterial blood 
wz s5 to 93’ per cent saturated indicating 
a tendency to reversal of the vascular shunt. 
Xo frankly cyanotic patients or patients 
with Eisenmenger’s syndrome were oper- 
ated upon. Nevertheless, the response of 
pulmonary arterial pressure to surgical re- 
pair of the ventricular defect was extremely 
gratifying, the mmimum benefit in this re- 
spect occurring in patients where the pul- 
monary pressure was greatest (Table I I  ). 
The studies were made by direct measure- 

ment of intracardiac arld arteriid pressure? 
at the time of operation, and the cases were 
classified according to severity on the basis 
of cornparison of pulnionary to systemic 
arterial prcssiire espressed 3s percentage. 
It is notcworthy that in the patients with 
severe pulmonary arterial hypertension 
\vhere pnlmonan pressure was greater than 
I O  per cent of systemic pressure, a 51.7 d e  
crease in this ratio occurred immediately 
after repair of the defect. In the moderate 
ilnd niild cases there \vas a 4.3 per cent and 
27.2 per cent decrease, respectively. Subse- 
quent follow up on these patients reveals 
conrincing clinical evidence of progressive 
decrease in pulmoniln pressure with roent- 
genographic evidence of decrease in pul- 
monary ~ascularity and reduction in car- 
diac size (Fig. l l a  6- b). Confirmation of 
this response will be obtained subsequently 
by cardiac catheterization. 

In 12 patients where surgical repair of 
large atrial septal defects was perfonned 
11 of which mere of the septum secundum 
type and one an ostium primum defect, 
there were two deaths yielding a mortalih’ 
of 16.6 per cent. One of the fatalities oC- 

curred in a 50-year-old woman who had 
been virtually bedridden for years \ d h  
intractable congestive heart failure and 

- 
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FIC. 11.4. FIG. 11B. 

FIG. 1 I. Rocntgunograrns of chcst made Lcfore and five months after rep.iir of a Ixge w n -  
tricular septal defect in :I 3-ycx-old patient with scbvcrc pu1rnon;tn li>pertcnsion sho\ving 
decrease in cardiac size and vascularity of lung fields. 

FIG. 1%. FIG. 1%. 
Rc. 2. Roentgenogmms of chest in I2-year-old patient with 1;irge atrial defect, rI1~~11i1:itic 

myocarditis, and congestive failure made before and eight months after repair of the defect 
showing striking decrease in cardiac size and pulnionruy vclsculm'ty. 
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. FIG. 13. .%heration in pulmon:iry arterial prc-s- 
sure at operation before and nftcr repair of ven- 
tricular septal defect with pultiion;mry pressure CS- 
pressed as per cent of systctnic arterial pressure. 

auricular flutter. IVben cardiopiiImonnr?. 
b!pass \vas begun and cardiotomy per- 
formed, the cardiac rh\-th~n reverted to 
sinus for the first time in more tlian a year 
and repair of the massive septal defect was 
\vel1 tolerated. Unfortunately, on the fourth 
day after operation she died suddenly, pre- 
sumably from acute Iie,art block. The otlier 
fatality occurred following potassium in- 
duced cardiac arrest in a 40-year-old woman 
where massive coronan air embolism 
caused ventricular fibrillation. .%lthougli 
cardiac resuscitation was possible in this 
patient, die died 1-3 hours later from cere- 
bral complications. In all of the sunivors 
a careful and complete closure of the de- 
fects \vas obtained and the operation was 
estremely \vel1 tolerated. After operation 
striking improvement 'and in some complete 
relie€ of symptoms witli reduction in lieart 
size has already occurred (Fig. IS). 

Open cardiotomy for repair of tetralogy 
of Fallot \vas done in seven patients none 
of whom were severely cyanotic. In fact, 
most of these cases were of the "atypical" 
type where the shunt at the ventricular 
level was either balanced or a moderate left 
to right shunt esisted. In this group of pa- 
tients one had an associated aortic ins&- 
ciency of moderate degree. In another there 
m . ~  pulmonary hypertension. One three- 
ye,u-old patient had an anatomical tertal- 
ogy of Fallot complicated by a large aortico- 
pulmonary septal window, and this patient 

sur\*ivctI total corrcction of tlie co1id)ination 
of anomaIies. Three dentlis occurred ~ i n i o ~ i g  
the patients with tetralogy of Fullot, nu 
thee presumably due to congcs ti\v c;trcli;lc 
failure durins the first 24 hours after 
oper ti on. 

Open cardiotomy for pulmonary stenosis 
\vas perfonned in five patients \vitIiout ;L 

death. In four patients n severe infundibulttr 
obstruction n ~ s  present and in three of 
tliese there was combined infundibtilar ;uid 
valvular stenosis. One patient in this group 
was cyanotic and nngiocardiograpfiy re- 
vealed the presence of a small vcntriculnr 
septal defect i d  infundibular stenosis 
(Fig. 14). -At cardiotomy the septal defect 
was repaired and coniplcte infundibulec- 
tomy was done reducing right ventricuhr 
pressure a t  operation from 160/0 to 65j3 
millimeters of mercuq. 

Impressive results were obtained in sev- 
eral patients with unusual cardiac condi- 
tions. For esample, in one 14-year-old pa- 
tient nidi severe pulmonary hypertension 
a large aorticopulmonaq septal window 
measuring 4.0 centimeters in diameter XIS 

successfuIIy divided.; In another patient in 
congestive failure an intracnrdiac fistula be- 
tween the ascending aorta and riglit ven- 
tricIe produced by a stab wound was re- 
paired. These and other gmtifying results 
compensate in large nit'asure for the opera- 
tive risk encountercd in many other opera- 
tions wliere estracorporeal circulation WE 
used. 

DISCC'SSIOS 

Hemntolo~ic con~plications following op- 
erations in which extracorporeal circulation 
and pump oxygenator are employed may 
occur from many mechanical factors and 
trauma to the blood. Yet in spite of the 
turhlence produced in the gas cliffiision 
type oxygenator and in tlie pumping mech- 
anism, surprisingly little hemolysis was pro- 
duced in our patients. All tubing and con- 
nectors in the circuit mere made of plastic, 
stainless steel, or gum rubber reducing the 
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tc~dt*nc'y to destruction of blood cells and 
p],~tcIets. Siunples of blood removed frcm 
tlle arterial cannulae a t  tile conclusion of 
p ~ . r f i i s i ~ i ~  consistently re\~ealcd a plasma 
hcnloglobin \+illtie less than 50 milligrams 
per cent and in none of die caws shidied 
11;~s i t  rcaclied a dangerom or nephrotoxic 
Ic\.el. Hem1 function shidies \ d k h  were 
colldimted in eight patients in his series in- 
dic:itc that tlic procedure was we11 toler- 
ntcd by the kidney producing only a ban- 
sient clepression of renal function during 
the perfusion.' HcmatoIogic studies includ- 
ing coagulation time and platelet counts on 
tlicsc same samplcs revealed only a n~od- 
ccite depression in thrombocytes, but 2 
e;irlicr pa tients had uncontrolled liemor- 
rfiagic manifestations nfter operation for 
unkiio\vn reasons. In tlie majority of pn- 
ticiits the slight hcmatologic changes were 
within the limits of safety for the patient 
nftcr tlie brief periods of time, usually less 
than hventy minutes, of temporary estra- 
corporeal circulation which were employed. 

Induced cardiac arrest proved to be an 
ini.aluable adjunct to surgical repair of cer- 
t,iiii defects. Potassium citrate solution us 
recommended by llelrose and Dreyer l' 
\vas used routinely for this purpose and in 
generul ~ Y I S  Iiighly satisfactory. Certain 
disad\xntages to use of potassium esist, 
however, particularly concerned with dis- 
turbill1ce in electrolyte balance produced 
by large quantities of potassium ion. I n  one 
five-year-old patient, for example, 33 mi&- 
cquivdents of potassium was neccssaq to 
produce asystole, and in another 12-year- 
old patient more than 100 miUieqoi\~aIents 
 is used. After operation, because of the 
po~~ibi1it-y of hyperkalemia, calciuin clilo- 
ritlc \vas administered by constant slow 
(kip. r\lthough not as potent as potassium, 
act6t\-l choline may be used similarly to in- 
drlcr: cardiac arrest without producing a 
di\trtrbance in electrolyte pattern. Its effect 
is reversible by use of smaIl quantities of 
at1 {)pine;', IG and because of these advan- 

. 

FIG. 14. Sclcctive nngiocnrdiograni made in 5- 
ycnr-old cyanotic patient showing infundibular 
pi11mona-y stenosis and small vcntricular septal 
defect producing early opacification of the aorta 
by tiic contrat nicdium. 

tages, it may subsequently be used as a 
substihite for potassium. 

SWXIlIART 

During tlie past few years temporary cs- 
tracorporcal circulation has been developed 
for clinical application in surgicd treatment 
of cardio\;?sculnr diseases. Two metliods 
have been cniployed, tota1 cardiopulmona~). 
bypass with primp osygenator and unilnt- 
era1 bypass without osygenator. Ninec- 
eight operations using temporary cardio- 
pulmonary bypass are reported, SS being 
total cardiopulmonary bypass and 10 uni- 
Intern1 bjpnss. 

The oxygenator system \vas a bubble dif- 
fusion type \vhich produced consistently 
good oxygenation jvithout serious Iiemato- 
logic changes. 

VentricuIar scptd defects were repaired 
in 45 patients. Decrease in pulmonary pres- 
sure occurred a t  operation in ,111 patients, 
and clinical improvement resulted in the 
3s survivors. 



bnndls oi Sux;.crp 
June 1 Q Z j  ,912 COOLEY, BELJIOSTE, DE BAKEY AND LATSOS 

Repair of atrid septal defects was usually 
well tolerated under cnrdiopulmonar?. by- 
pass and is considered to be the method of 
choice for these defects. .Among 12 patients 
operated upon 10 recovered and ilrc ap- 
parently cured. 

Complete correction of tetralogy of Fal- 
lot \\*as attempted in scvcn patients \\,it11 
four survivors, and in four patients \\-it11 iso- 
lated pulmonary stenosis there \vcre no 
deaths. 

Unilsteritl bypass \vas used successfully 
in one patient with c o i l h i d  infiindibular 
and pulmonary valvular stenosis. For ;1ne11- 
Vsms of the descending thoracic aorta by- 
pass around the lesion proved effective in 
preventing ischen~ic clnmagu to the spina1 
cord during temponry aortic occlusion. 

ADDEA-DU> I 

Since this paper \vas prcscntcd, 52 ascs  of 
. cardiopulnlonaq by-pass and 12 cases of iinilaterd 
aortic by-pass for aneurysm of the descending aorta 
have k e n  operated upon. The total c;lrdiopullno- 
nary by-pass experience niitiibcrs 150 CSM and 
‘unjlateral by-pass 22 caws. A stainless steel osy- 
genator has recently been used which is superior 
in many respects to the Jisposable plastic ox?- 
gcnator described herein. 
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Dx.qxssros.-Dn. .\I. E. DE BAKEY, Houston, 
~ ~ ~ 3 s :  1 ~voiild like only to siipplemcnt the re- 
ni:irks that have bccn niadc concerning the use 
of this rnctliod in the treatment of aneuwsms of 
tlrc tliorwic aorta. Ilr. Cooley rcferred briefly to 
tile ~~sefr~lness of thc ~ncthod in resccting the 
pro\iiii:il portion of the aortic arch in a C~ISC of 
an ;rlltiinsni that involved the ascending arch. 

11i1ve now had three sncfi c.ases in wliicli this 
\Vi15 done. Rcscction of fusiform aneiiqsnis in- 
rnlvinp this scgiient of the aortic arch presents 
a sptci:iI problem in that even brief occlusion of 
thr ;tscrntiing aorta ~voidcl lend to death from 
]eft ventricular strain ;ind c.;irtii;ic failure. .\ortic 
occlusion at this high levcl intcrnipts cerebral 
circuliition and \vould Ic t id  to incvcrsil~lc c1i;ingcs 
\\.itlrin ;I few niinutc.s. In :I few iiistmccs WT 

ovcrcanie this problem 1,y using :i teinpor:iry 
bpis s ,  which can k done \vhcn there is 
siiffiricnt nrargin of ascending aorta prosimd to 
the anciin.sni. In the cases nr iire reportins 
today, however, tlicrc \v.;is insufficient rnargin 
prosiinally, and the only nwms by Lvliieli re- 
srctiori could have lwen pcrfnriiicd \viis by die 
w e  of tlic artificial 1ir:irt-liing :ippnratris. 

, (Slide) This is the cliest roentgcnogriim of 
one of thcsc casc’s. sliowing i t  Iirige s;icciform 
and fusiform anctirys~ii involving virtually the 
entire ascending wrta. 

(Slide) This is a di:igrani illiistrating the 
niiturc of tlrc :incur)rni arid its extent from the 
base of the nsccndirrg aorta to tlic innoniinate 
x t c n  and the graft rcplacrnicnt follo\ving re- 
section. 

(Slide) Tliis is ;I photograph taken at oper- 
ation slio\viiig tlic homograft rcplxcmcnt of the 
3sr~nding aorta. .\ctii:illy it \vas nccc.ss;ln to 
retract the vcntricIc in order to sho\v the prosirri;ii 
:~n~stoniotie suture line of the graft. 

(Slide) TI& is ;i chcst rocntgenogmni taken 
sevcral weeks aftcr operation slioning relatively 
nonnsl cardi:rc iind met1iirsti1i;il contonr. 

(Slide) I11 this second case this photograph 
taken :it opcration s l ~ n v s  the Iioniograft repbce- 
mcnt of tlic entire ;rscciitling iiorta arid innominate 
i I r t C T .  

(SIidc) This is :I prcopcriltivc chest roentgcno- 
w i n  of anotlicr case of ;I liugc fusiform aneurysm 
involving the entire dcscending thoracic aorta 
cxtciitling from tlic lcft siibcluvian a r t e n  to tlie 
di~idir~gni .  The supcriniposcd photograpli of the 
c \ c i s d  spccinien illnstriitcs tlic estcnsive nature 
of this ancuqsni. 

(Slide) This photograph taken at operation 
Proyidcs a view of the aneurjmii though die two 
m)roachcs. Bec;iusc of the cstensive nature of 
the arrcurysm it W:IS riccessar?. to employ two 
intercostal incisions to csposc it coniplctcly, nn 
viu incision tlirougli the rcsected bed of the 
fift!l rib mid a lower incision thwougli the eighth 
inlurcost;il space. Tlic prosinin1 segment is s!iown 
tllr-lllgh ttie uppcr incision, and die lower portion 
is .1lo\vn tluough the lower incision. 

(Slide) This photograph taken at  operation 
shows the completed homograft replacement 
folIowing resection of tlie aneunsni through the 
nppcr and loivcr incisions. I’irtually the entire 
descending thoracic aorta Ii;is thus been rcplacctl. 
The fact that this patient tolcr;itcd tlie operation 
so \vel1 \vithoiit any cvidcncc of myoc:irtlial failure 
or ischeniic damage to riny organs indicates the 
va1u;ible app1ic;itian of this rncttiotl in the In:inage- 
mcnt of tliese cases of cxtcnsivc : ~ n e u ~ s i i i s  of 
tiic aorta. 

DR. E~\varm F. PNKER, Chnrlcston, S. C.: 1 
x i n t  to congratiil;itc Dr. Cooley. Dr. Belmoirtc 
:ind Dr. DeB:ikey on their brillimt ncwmplish- 
nicnts. \Vc too Iiave haen intcrcstcd in the 
University of hfinncsota-type puiiip-osygenator 
for c;mkic bypass, and 1i:ive fonnd it to be re- 
1;itively simple and  eficicnt. I n  our espericnce it 
has h e n  trsed in five c;isc’s. In four of tlicsc, t l ~  
operation w a s  done for an intervcntricii1;ir septal 
defect. \\’liereas we Iiave not used chemic;illy 
intlnccd cardiac arrest, I should like to mention 
one other practical point \vIiicli \ w s  considcrcd 
to be estrcmely helpful in tlie liist two cases. It 
\vas intcnnittcnt occlnsion of tlw ascending aorta 
for transient periotls not csceeding one niinutc. 
In speaking of oprr:itions on the open dr>. heiirt, 
naturally that is ;I rclative term. Tlic 1ie:irt may 
be open but it is not d n ,  bccausc t h e  is return 
ffow from the coronav sinus, especinlly when the 
cardiac bypass \vorks well. In this regard, thc 
internlittent occlusion of the :isrending aorta for 
periods not exceeding onc minute brings a b u t  
i i  dry field which facilitates markeclly srrcccssfnl 
closure of a defect. 

Dn. JOIIS H. Giunos, JR., Philadelphia, Pa.: 
I would like to ask Dr. Bdmson n question. I 
hope he \rill say sornetliing about the Iongevity 
of people with these tumors. In some of the 
cases lie mentioned that the symptoms had. 
estcnded over i i  considerable period of time. I 
had a wonian referred to me three or four years 
ago by another surgeon with tlie diagnosis of a 
tumor in the lcft atrium. I was not at  d l  sure it 
was a tumor. She had ohious chronic lieart 
disease with airricular fibrillation. \Ve thought the 
lcsion that had been palpated on digital explo- 
ration \vas most likely a mural thrombus. Tlie 
referring siirgcon urged me to operate upon her. 
He made the dour prediction that without oper- 
ation she \vould be dead within n year because 
of the tumor. I did not operate upon the woman 
and she is alive and well four years later. It seems 
to me that Dr. Han1on.s case \V:LS ;i tumor, and 
I \vould be inclined to agree with Dr. Bahnson. 

Dn. \VILLI.W 14. , \ IULLU~. JII., Cliarlottcsville, 
\-a.: I too would like to add niy congratulations 
to Dr. Coolcy and his associates for this beautiful 
\vork. I would like, if I may., to discuss one point; 
that is, the use of potassium citrate cardioplegis 
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which h a  been so helpfiil in the actual perform- 
ance of these operations. 

(Slide) This is the pump 0x3-genator of tfic 
type developed by Dr. C1.d of Cincinnati and 
it also ernploys n I~rtbblc osygmator. Using this 
:ipparattis, we have bcen able to pcrfusc one 
patient in the operating room with the Iieart 
stopped for iiiorc than one hour. This patient h;id 
;I transposition of the great vc~sscls and \vas one 
on \vIioin we attempted an e\tctisivc procvdtire 
in ordcr to effcct ;I corrc.cti\e repair of tliis 
dc+fortiiity. The lie~art rcsiiiiircl cKru-tivc contr.ic- 
tions. but the pntirnt d i d  sntiic cigltt hours 
later. In tlic laboratory. we Ii;i\.e becii nblc to 
stop the licirt in dogs for ;LS long ;is two Iiours 
imd twcnty minutcs \vitIi tlir resumption of 
cffcc~ve cardiac contrtictioiis .tnd tlic sttrvi\xl of 
:lie nninlal. 

It is seldoni that one \vi!] need tliis nniount of 
time to repair intmcardiac defects and I iitii sure 
that one reason Dr. Cooley iind liis :issociates 
fiave had such good rcsults is that their p r t i n p  
dependent time has been around tcri iiiinutes in 
most of tlicsc c.1ses. However, it is nssriring to 
tlic surgeon to know that he docs 1i:ive n long 
period of time to work within tlie licart if lie 
nrc& it. 

I would like to also mention bricfl?: tlie 
collatcml circulation wliicli may be cspeciaIIy 
extensive in the patient with cyanotic he.- 
disease. In these patients, estcnsive collatcral 
circulation l i s  probably developed through the 
bronrliial artcries and the return of blood to the 
lieart niay be quite large. In a patient recently, 
we had P return of more than 100 cc. per ininrite 
even though the patient n-as an infmt. 

Dn. DESTOS -1. COOLEI-, Houston, T c s s  
(closing): I wisli to csprcss my appreciation to 
tlie discussants of this paper. Perltaps I failed to 
emphnsize niy conviction tliat intlumd cardiac 
mest plays an cstrernel?- important role in the 

repair of ventricular defects antl in otlicr niorc 
complicated anornnlies wlicrc a coiiipIcteIy qiliet 
and bIoodless field is demanded. \Ve havc used 
potnssiuiii citr:itc solution for this pilrposc and the 
rcsults have k c n  vcry sntisfacton. In one p;itient 
a larger than tisit;il qu;intity of pot;issiutii WIS it& 

I hetieve 100 iiiillicquivalents, m r l  ;after opc.r;ttion 
the possibility of I~yperkalcrrii~i csistcd. Seriinl 
potnssiiu~i dctcrtniti;ition W;IS only tiiodccitcly 
cle\-itcd antl no coniplications follo\vcti. Per11.1ps 
:iru.tyl choline itxiy h v e  ccrtnin advantages ; I S  a 
inetins tif indricing ciirdinc arrest in that it citi1~cs 
no elcwtrolytc iinb&icc, but acctyl cltoliric &K.S 

not cornpletely i1rrest the he:1rt and slrtgcisll 
tiiyocartli:il contractions iniry continue. I Iclicvu 
tint IYC udl continue with tlic use of pot;cssimii 
until UT encounter sottie rcnl difficulty \\hiclr 
woti1d in;ike its want to cliangc. 

\Vitli tlic Cli;iimi:in’s pcnnission I would like 
to diow ii brief film which deriioiistr:itcs the 
niethod of c;~rJiopi~linonar?. l~:p:iss for rep:iir of 
:in atrial and :I vcntricular dcfect. This is thc 
I~obble oxTgenntor and pitnip which tire k i n g  
cotitrollcc! by Dr. Bclmontc, Dr. L:itson, and l l r .  
J;inies Picrcc. 

The first operation is rcpitir of ;in atrid scptd 
defect in ;I IO-ycur-old girl. Esposiire of the defect, 
diicli  rncbasiired four ccntimctr.rs in dhnieter, is 
escellrnt and ;i ciirc.fril closure of the defect is 
obtained by ;I doi11)le row of continuous bliick 
silk sutures. 

Thc scuorid opt-ration is tlie repair of a defect 
in tlic nteml~ranoiis portion of the wntricuh 
scptrini itr ;in 18-inonth-old infant. Cardisc ar- 
rest is o1)tairicd by gr;itiuntcl injdction of 2.3 p c ~  
cent solittion o f  pot;tssiiini citrate. \Vlien the 
ventricuIototny is done notc the completely quiet 
and bloodless field. .in IvnIon patch is siiturctl 
into tlie dcfcct atid wltcn cc i ronn~ circrilxtion is 
rcstorcd niyoc;rrdi;il contractions resume promptly. 
t believe yoti will igrcc with me that induml 
cardiac :irrcst is n ~vorth\vltilc technic for sucli 
procedrircs. 


